The prevailing view of the social organization of temperate bats is that maternity colonies represent aggregations of philopatric females connected to other maternity colonies via male-mediated gene flow. However, few studies have examined fine-scale patterns of matrilineal diversity within and between colonies, and clear evidence of strict philopatry generally is lacking. Here we examine patterns of genetic diversity within and among maternity colonies of big brown bats (Eptesicus fuscus) using both microsatellites and mitochondrial sequences. As in other temperate bats, we observed no differentiation among colonies using nuclear microsatellite markers (F ST : À0.0001-0.012; 99.5% of variation within populations). Overall, there was significant mitochondrial structure among colonies, but the pattern was complex, with low È ST values among some populations and high values among others (range: À0.007-0.491). Three groups of colonies were identified in nested analyses of molecular variance, among which variation was high (21.2% of the variation), but within which variation was low (1.4%), and significant matrilineal isolation by distance (r ¼ 0.56, P ¼ 0.012) was observed. Maternity colonies were characterized by high haplotype diversity (h " X ¼ 0.83) and a large number of matrilines (5-15) per colony. Furthermore, we observed a small number of maternities within colonies, and only 5-17% ( " X ¼ 9%) of the sampled females were found roosting with a mother or daughter. Our results are inconsistent with strict female philopatry, and suggest that female-mediated gene flow may occur among some maternity colonies. The potential for female dispersal in temperate bats prompts new and exciting questions about social and dispersal dynamics.
Dispersal is a life-history trait that strongly influences the spatial distribution, dynamics, and genetic structure of populations (Clobert et al. 2001) . Dispersal modulates the persistence and demography of species (Hanski 1999) , buffers populations against stochastic events (Cadet et al. 2003) or environmental fluctuations (Friedenberg 2003) , and reduces the likelihood of local extinctions (Poethke and Hovestadt 2002) . By dispersing, individuals can attain higher fitness if they minimize the likelihood of breeding with close kin, reduce competition with kin, or encounter better habitats or less crowded patches (Lawson Handley and Perrin 2007; Perrin and Mazalov 2000) . However, because dispersal can be costly, it imposes an upper limit on gene flow, and hence to population differentiation and adaptive divergence (Hendry 2004) . It is therefore important to document patterns of dispersal, but providing estimates can be challenging. Direct estimates of dispersal rates through traditional mark-recapture methods or field observations are typically difficult to obtain and often fail to detect dispersal over long distances (Koenig et al. 1996; Nathan et al. 2003) . Furthermore, direct methods are not easily applicable to all species and only estimate the ability of individuals to disperse, not the effectiveness of dispersal, which is reflected by successful reproduction after immigration (Prugnolle and de Meeus 2002) . In contrast, indirect genetic estimates of dispersal provide information on the migrants that effectively reproduce and contribute to gene flow, and are more appropriate for organisms that are difficult to observe directly or exhibit cryptic behaviors.
Temperate bat species are one group of organisms for which dispersal is difficult to observe and quantify. Many temperate bats exhibit a distinct annual cycle (cf. Bradbury 1977) wherein both sexes congregate in the autumn and winter for mating and hibernation, after which both sexes disperse to summer habitats. Females typically form maternity colonies during the summer in which they undergo pregnancy, parturition, and lactation, whereas males may be solitary, roost in all-male groups, or in some cases, roost in the same colonies as females (McCracken and Wilkinson 2000) . The combination of flight, nocturnal activity, small size, and extensive seasonal movements make bats extremely difficult to recapture or follow as they move between habitats. Mark-recapture studies suggest that dispersal is often sex-biased: females are thought to be philopatric to their natal colony or breeding habitat, whereas males disperse to other roosts (McCracken and Wilkinson 2000; Petri et al. 1997; Rivers et al. 2006 ; but see Entwistle et al. 2000) . Nonetheless, direct evidence of dispersal is limited to a few well-studied species, and we know surprisingly little about the patterns and variation in dispersal behavior by most temperate bats (Entwistle et al. 2000; McCracken and Wilkinson 2000) .
Although female coancestry in maternity colonies is thought to be high because of female philopatry, studies using biparentally inherited markers such as microsatellites have revealed surprisingly low levels of relatedness within and little differentiation among maternity colonies of females (Burland et al. 1999; Castella et al. 2001; Kerth et al. 2002a Kerth et al. , 2002b Petit et al. 1999; Rivers et al. 2005; Rossiter et al. 2000b Rossiter et al. , 2002 . In contrast, differentiation among maternity colonies based on matrilineally inherited mitochondrial DNA is often much higher than at nuclear markers (Castella et al. 2001; Kerth et al. 2002a; Petit et al. 1999) . Moreover, males rarely father the offspring of the females they roost with in maternity colonies Kerth and Morf 2004; Petri et al. 1997; Vonhof et al. 2006) . Taken together, these results suggest that the low levels of differentiation among colonies at nuclear loci among colonies are a result of male-mediated gene flow due to intercolony matings. Indeed, genetic evidence indicates that swarming populations of bats are congregations of males and females from different maternity colonies, leading to the characterization of these sites as ''hot spots'' of gene flow (Kerth et al. 2003; Rivers et al. 2005; Veith et al. 2004) .
Based on the available evidence, the prevailing view is that temperate bats display female philopatry and male-mediated gene flow (Burland et al. 1999; Burland and Worthington Wilmer 2001; Kerth et al. 2002a Kerth et al. , 2002b . The question of whether there is genetic evidence for such high levels of female philopatry remains unanswered. Strict female philopatry has been clearly demonstrated only in Bechstein's bats (Myotis bechsteinii), which form maternity colonies consisting of 1 or 2 matrilines that exhibit strong mitochondrial differentiation over short geographic distances (F ST ¼ 0.68 and 0.96, depending on the marker- Kerth et al. 2000 Kerth et al. , 2002a . Furthermore, most female M. bechsteinii roost with their mother, and 75% of colony members lived together with close relatives (Kerth et al. 2002b) . However, considerable variation in the number of mitochondrial haplotypes within colonies has been observed among other bat species (2-5 in greater mouse-eared bats [M.
myotis -Castella et al. 2001 ], 1-7 in particolored bats [Vespertilio murinus -Safi et al. 2007] , and 1-20 in noctule bats [Nyctalus noctula-Petit et al. 1999] ), and it is unclear whether they exhibit high levels of female philopatry as observed in M. bechsteinii. Although it may be true that the majority of females of some species exhibit philopatry to their natal roost, it is also possible that female dispersal may be more common than perceived, simply because we do not have the appropriate data for most bats.
Here we examine patterns of genetic diversity within maternity colonies of big brown bats (Eptesicus fuscus) roosting in buildings in Indiana and Illinois. Specifically, we use molecular markers to examine levels of nuclear and mitochondrial differentiation among colonies, the diversity and distribution of matrilines within and between colonies, and patterns of parentage within colonies. We then discuss the relative roles of female philopatry, dispersal, and colony formation in generating the patterns of genetic variation we observed.
MATERIALS AND METHODS
Study species.-Big brown bats are medium-sized (11-23 g) insectivores distributed from Canada throughout the United States and Central America, and into northwestern South America (Kurta and Baker 1990) . During the summer, individuals roost in tree hollows, beneath loose bark, in rock crevices, and in man-made structures (Agosta 2002) . Maternity colonies range in size from 5 to 700 individuals, but typically number ,100 females and may contain a small number of males. Females give birth to 1 or 2 offspring, and multiple paternity occurs in approximately one-half of litters of twins (Vonhof et al. 2006) .
Sampling.-We captured adult and juvenile E. fuscus in 6 maternity colonies in western Indiana and eastern Illinois in May 1997 (Table 1 ). The colonies inhabited buildings ranging from 0.4 to 135 km apart ( " X ¼ 54 km). The maternity colonies we studied had been using the same roosts for a minimum of 17 years, and 3 roosts (Mecca, St. Mary Church, and Williamsport) had been used by bats since at least 1970 (J. O. Whitaker, Jr., pers. comm.).
We entered roosts and captured bats by hand or using a hand-net. We determined sex of individuals and classified them as adults or juveniles (young of the year) based on the degree of ossification of the metacarpal-phalanx joints (Anthony 1988) , and collected two 2-mm biopsy punches from the wing membrane of all individuals and stored the punches in 5 M NaCl with 20% dimethylsulfoxide. Individuals were released back into the roost during the day. We observed evening emergence on the same day at 5 of the 6 colonies to estimate total colony size, and rounded our estimate to the nearest 5 individuals. Emergence at the St. Mary Church colony was difficult to observe, but it is part of a longer-term study where individuals were banded and tagged with passive integrated transponders, and colony size was estimated to be approximately 250 individuals (J. O. Whitaker, Jr., pers. comm.). Capture and handling conformed to guidelines of the American Society of Mammalogists (Gannon et al. 2007 ), and were approved by the York University Animal Care Committee.
DNA extraction and amplification.-Total genomic DNA from membrane punches was extracted using a DNeasy Tissue Extraction Kit (QIAGEN, Valencia, California). All sampled individuals were genotyped at 9 autosomal microsatellite loci (see Vonhof et al. 2006) , using polymerase chain reaction and cycling conditions outlined in Vonhof et al. (2002) . Cycling was performed in a 9600 thermal cycler (Perkin-Elmer, Boston, Massachusetts). Polymerase chain reaction products were resolved on a model 373A DNA sequencer with an in-lane standard and analyzed using GENESCAN and GENOTYPER software (Applied Biosystems, Foster City, California). All microsatellite loci were unlinked and did not depart from HardyWeinberg equilibrium. Number of alleles per locus ranged from 11 to 51, observed heterozygosities ranged from 0.61 to 0.97 (0.853 overall), and probabilities of exclusion when neither or 1 parent is known were .0.9999 (Vonhof et al. 2006) .
We also amplified a mitochondrial DNA fragment that included the control region hypervariable I subunit, tRNA Pro , tRNA Thr , and a small fragment of the cytochrome-b gene using primers C and F and cycling conditions outlined in Wilkinson and Chapman (1991) . Amplifications were carried out in 25-ll volumes using PureTaq Ready-to-Go Beads (GE Healthcare Inc., Piscataway, New Jersey), and products were cleaned with shrimp alkaline phosphatase and exonuclease (PCR Product PreSequencing Kit; USB Corp., Cleveland, Ohio). Purified polymerase chain reaction products were then sequenced in both directions using BigDye version 3.1 chemistry (Applied Biosystems). The BigDye reaction was modified as follows: 0.6 ll of the BigDye reaction mix, 5.63-6.96 pmol of primer, and approximately 25 ng of polymerase chain reaction product in a total reaction volume of 15 ll. The temperature profile for the sequencing reaction included an initial denaturation step at 968C for 2 min followed by 25 cycles of denaturation at 968C for 10 s, annealing at 508C for 5 s, and elongation at 608C for 4 min. The sequencing reactions were cleaned of unincorporated nucleotides and salts using Performa V3 filtration plates (Edge Biosystems, Gaithersburg, Maryland) and visualized on a 3730 or 3730XL DNA Analyzer (Applied Biosystems). Sequence reads were edited and assembled into contigs for each individual using CodonCode Aligner version 2.02 (CodonCode Corp., Dedham, Massachusetts). Sequences were aligned using the default settings in CLUSTAL W (Thompson et al. 1994 ), and the alignment was then edited manually, and cropped to a common length. The hypervariable I subunit in vespertilionid bats contains 80-82 base pairs (bp) R1 repeats (82 bp for big brown bats [see Wilkinson and Chapman 1991; , and the number of repeats varied from 3 to 6. Thus, the total size of the sequences ranged from 667 to 913 bp (421 bp excluding the repeats, including 84 bp of cytochrome b, 69 bp of tRNA Thr , 65 bp of tRNA Pro , 107 bp of the hypervariable I subunit before the repeats, and 96 bp of the hypervariable I subunit after the repeats). Following , we designate the repeat closest to the tRNA Pro and furthest away from the origin of H-strand replication as the last repeat. Comparisons of sequences among the mother-offspring triads from Vonhof et al. (2006) indicate that R1 repeat number is heritable (M. Vonhof, pers. obs.; see also Wilkinson and Chapman 1991) . Within individuals, R1 repeats were typically either all identical, or only the 1st repeat differed from the other repeats, and thus we also examined sequence variation in the last repeat. Unique sequence types were identified for the 421 bp on either side of the R1 repeats (325 bp before and 96 bp after) and for the last R1 repeat using Collapse version 1.2 (http://darwin.uvigo.es/softwarecollapse.html). One example of each haplotype was submitted to GenBank (accession numbers EU826679-EU826720).
Data analysis.-We estimated mitochondrial diversity within colonies by calculating population estimates of haplotype diversity (h) and number of haplotypes (N h ) using the program DNASP version 4.10.3 (Rozas et al. 2003) . We also examined the distribution of haplotypes among colonies, broken down by sequence type, R1 repeat number, and R1 sequence type. Following Kerth et al. (2000) , we assumed that females belonged to the same matriline if they had the same sequence type and the number of R1 repeats was continuous. In addition, we also required that individuals share the same sequence for the last R1 repeat. We assessed the presence of mother-daughter pairs through parentage analysis implemented in CERVUS 3.0 (Kalinowski et al. 2007 ). For the simulations, the typing error rate was set at 0.02, and we varied the proportion of candidates sampled between 0.5 and 0.8 to account for the different proportions of individuals sampled within colonies (Table 1) . However, our conclusions were not affected by varying this parameter. We accepted any parent-offspring pairs that matched at least 1 allele at all loci at .80% confidence.
We used a number of approaches to investigate population genetic structure among sampled colonies. We calculated TABLE 1.-Mitochondrial diversity in maternity colonies of the big brown bat (Eptesicus fuscus), as well as the number of maternal relationships identified within each maternity colony. Total sample size (n), number of females (n f ), number of males (n m ), emergence count, number of females sequenced (n seq ), number of haplotypes (n h ), number of matrilines (n mat ), haplotype diversity (h), and number of parentoffspring relationships (n par ) are shown. We tested whether genetic variation was distributed among colonies using analysis of molecular variance (AMOVA- Excoffier et al. 1992) . Separate analyses were performed for microsatellite and mitochondrial data. Based on an initially significant AMOVA using mitochondrial DNA (see ''Results''), we then performed a series of nested AMOVAs to identify natural groups of populations. Populations were initially grouped together if they had low È ST values, and the analysis was rerun. Any ambiguous populations (populations that had low È ST values with populations in more than 1 group) were sequentially moved between groups and the analysis rerun. All possible combinations were tested to identify the grouping that minimized within-group variation and maximized variation between groups.
We also investigated spatial genetic structure of microsatellite genotypes using the Bayesian method of Pritchard et al. (2000) and Falush et al. (2003) . We used the program STRUCTURE version 2.1 (Pritchard et al. 2000) to identify genetically distinct clusters (K) based on allele frequencies across loci. The most likely value of K is assessed by comparing the likelihood of the data for different values of K. Calculations were conducted with a burn-in period of 100,000, followed by 500,000 iterations. Each simulation was performed 3 times for each value of K between 1 and 6 using an ancestry model incorporating admixture, individual alphas for each population, and a model of correlated allele frequencies that did not include prior information on population origin (see Falush et al. 2003) .
RESULTS
We sampled a total of 309 individuals, including 247 females and 62 males, in the 6 maternity colonies (Table 1) . Sampled individuals accounted for .57% (range: 57-90%) of the total colony size at 5 of the 6 colonies based on emergence counts, but only 14% at the St. Mary Church colony (Table 1) .
Mitochondrial diversity and parentage within maternity colonies.-We observed 42 mitochondrial haplotypes (combination of sequence type before and after the R1 repeats, R1 repeat number, and the sequence of the last R1) among the 229 females sequenced (Table 1) . Outside of the repeat region, there were 23 sequence types, encompassing 24 polymorphic sites. Sequence types differed by an average of 4 substitutions (range: 1-10). R1 repeat number varied from 3 to 6. Eight sequence types were observed among the last repeats, encompassing 16 variable sites in 82 bp. Across all repeats, 19 sequence variants were observed. If we included sequence variation among repeats before the last, there were a total of 50 unique haplotypes.
Mitochondrial diversity within colonies was high, with 7-17 haplotypes per colony ( " X ¼ 11.5), and haplotype diversity (h) ranging from 0.615 to 0.948 ( " X ¼ 0.83). All colonies overlapped considerably in their distribution of haplotypes, and no colony had a unique set of haplotypes (Table 2) . Fifteen haplotypes were observed in .1 colony, and 9 of the 10 most common haplotypes (.7 copies) were found in multiple colonies (2-5). However, the most common haplotype was observed only in the Williamsport colony (in 38 of 59 females). The number of matrilines per colony ranged from 5 to 15 ( " X ¼ 8.7; Table 1 ), or an average of 0.26 matrilines per sampled female (range: 0.12-0.43).
Parentage analyses revealed maternal relationships in all maternity colonies (Table 1) . However, the number of identified mother-daughter dyads was low (1-10 per colony), and only 5-17% ( " X ¼ 9%) of the sampled females were found roosting with a mother or daughter. Typically females were involved in a single maternal relationship, but 3 females in the Williamsport colony were involved in dyads with 2 individuals. The 57 males captured in the Mecca and Williamsport colonies (33 and 24, respectively) were involved in 14 parentoffspring relationships (8 and 6, respectively) with females as father or son. One male from the Williamsport colony was in a parent-offspring dyad with 2 different females, and a male from the Mecca colony was in 3. These males must have fathered at least 1 and 2 of the females, respectively.
Genetic differentiation among colonies.-For the microsatellite data, model-based clustering analysis did not detect population substructuring of the total sample (K ¼ 1 had the highest mean posterior probability). In addition, for all K, the majority of individuals (.85%) were assigned to a single cluster. AMOVA indicated that most of the genetic variation was due to differences among individuals within maternity colonies (99.5%), and differences among maternity colonies explained only 0.5%. Pairwise F ST values between maternity colonies were less than 1% in all but 1 comparison, and varied between À0.0001 and 0.012 (Table 3) . Pairwise genetic distances (F ST /(1 À F ST )) estimates among the 6 colonies were not significantly correlated with distance (Mantel test: r ¼ À0.65, P ¼ 0.977).
Based on mitochondrial DNA, pairwise È ST values between populations varied widely (À0.007-0.491; Table 3), with little differentiation between some population pairs, and high levels of differentiation between other pairs. An AMOVA with all colonies forming a single group indicated significant variation among (17.6%) and within (82.4%) maternity colonies (P , 0.001). Subsequent nested AMOVA to identify natural groupings of populations (maximizing among-group and minimizing among-population, within-group variation) identified 3 groups among the sampled maternity colonies, with 21.2% of observed variation among groups, 1.4% among populations within groups, and 77.4% of variation within populations (P , 0.05). The 3 population groups included Williamsport þ Paris, Mecca þ St. Mary Church þ St. Mary Barn, and Coleson. The grouping of the Paris colony was ambiguous, because its pairwise È ST with the St. Mary Church colony was low. However, when the Paris colony was included in the 2nd group, variation among groups declined (18.8%) and the variation among populations within groups increased (4.25%). Pairwise genetic distance (È ST /(1 À È ST )) and the natural log of geographic distance were correlated (r ¼ 0.56, P ¼ 0.012) for all maternity colonies, indicating isolation by distance.
DISCUSSION
In this study, we examined variation at nuclear and mitochondrial markers to assess patterns of genetic differentiation and diversity within and among maternity colonies of big brown bats. We observed low levels of nuclear differentiation among the 6 maternity colonies we sampled, but much higher levels of matrilineal differentiation. Although these contrasting levels of nuclear and mitochondrial differentiation have traditionally been explained as a consequence of female philopatry and intercolony mating, they only provide evidence that movements by females, when they occur, are shorter than the scale over which genes are exchanged via extracolony mating. We observed that maternity colonies were characterized by high haplotype diversity (h " X ¼ 0.83) and a large number of matrilines (5-15) per colony. Although there was significant structure among colonies, the pattern was complex, with low È ST values among some populations and high values among others (range: À0.007-0.491). We identified 3 sets of populations, with variation among these groups accounting for 21%, and variation among populations within groups accounting for ,2% of the variation in haplotype frequencies. The low levels of observed mitochondrial differentiation among a subset of maternity colonies are the result of gene flow, which can occur via female dispersal or through the process of colony formation (Storz 1999) . Movements of females to nearby colonies at relatively low frequencies have been documented in several species (Plecotus auritus [Entwistle et al. 2000] , Rhinolophus ferrumequinum [Rossiter et al. 2000b] , and M. myotis [Zahn 1998 ]), suggesting that dispersal by females can and does take place, at least in some species. Given that behavioral estimates of dispersal are often inaccurate (Koenig et al. 1996; Nathan et al. 2003) , it is conceivable that dispersal by females may be more common than we have perceived. Virtually nothing is known about the dynamics of colony formation in bats, and its role in determining the distribution of genetic variation among maternity colonies is an open question. Kerth and Petit (2005) argued that because temperate bat species typically breed communally, it is unlikely that a single female would establish a colony; rather, a small number of females budding from a single source colony is more likely. If this is the case, then colony formation cannot be the source of gene flow among big brown bat colonies, because many founders would be required to account for the high number of matrilines we observed within colonies.
Alternatively, in the case of a small number of founding females, matrilineal diversity could be generated via mutation if mutation rates are high and colonies are sufficiently old. Using a relatively rapid mutation rate of 1 Â 10 À6 substitutions site À1 year À1 for the hypervariable portions of the control region (Howell et al. 2003; Pakendorf and Stoneking 2005) , we would expect only 1 mutation to occur once every 24 years across 421 bp of sequence in a colony of 100 individuals, and once every 240 years in a colony of 10 individuals. Changes in repeat number are more common than sequence substitutions, and using an estimated rate of 0.0092 mutations/generation (Wilkinson and Chapman 1991) we would expect ;1 change in the number of repeats per generation in a colony of 100 individuals. Maternity colonies in buildings in Indiana typically persist for relatively short periods of time (only 22.7% of colonies still active after 30 years- Cope et al. 1991) , and it is unlikely that mutation could generate sufficient new variation to account for the number of matrilines we observed per colony over the typical life span of a colony. Therefore, matrilineal gene flow is taking place among some colonies of big brown bats either through dispersal of females or by relatively large numbers of females leaving 1 or more source colonies and forming a new colony, or both. Further research is necessary to distinguish among these alternatives.
Evidence of the possible importance of dispersal of females in big brown bats comes from parentage analyses. The number of mothers and their offspring in a colony depends on levels of dispersal, age-specific survival and reproductive rates, and the longevity of females. Temperate bats are typically long-lived (Brunet-Rossinni and Austad 2004; Wilkinson and South 2002) , annual survival of adults is often high between years (0.7-0.95- Ellison et al. 2007b; Frick et al. 2007; Sendor and Simon 2003) , and the majority of females breed each year (Kerth et al. 2002b; Kurta and Baker 1990) . Under strict female philopatry, this suite of characteristics should result in maternity colonies consisting of multiple overlapping generations of mothers and their daughters, unless colonies have recently formed. Once a maternity colony has been established, other than the original founders any females in the colony should be a descendant of an existing female, and we should have a high probability of detecting the mother for the majority of individuals, and a reasonable probability of detecting 1 or more daughters for all but the most recent generation, given juvenile survival rates of 0.4-0.8 (Ellison et al. 2007b; Frick et al. 2007; Sendor and Simon 2003) . Indeed, in a system characterized by strict female philopatry, Kerth et al. (2002b) identified the mother of 98% of female M. bechsteinii in known-age cohorts and observed that an average 72% of females roosted with a mother or 1 or 2 daughters. Given the duration of our study colonies (.17 or 27 years, depending on the colony) and that big brown bats in eastern North America often have twins (Kurta and Baker 1990) , we expected to regularly observe females roosting with mothers or daughters. Although our estimates are conservative because we could not sample all individuals, in 2 colonies (Mecca and Williamsport) with .80% of individuals sampled, we identified only 8 and 10 mother-daughter dyads among 88 and 59 adult females within the colony, respectively, and only 3 females in the Williamsport colony took part in .1 mother-daughter dyad. The low numbers of observed maternities either indicate that longevity or survival and reproductive rates or both are low within our study area, which is unlikely, or that females regularly disperse from their natal colonies.
Our results suggest that female-mediated gene flow may occur between colonies, and that we may need to consider philopatry to a region rather than a single colony. The overall pattern of isolation by distance we observed for mitochondrial DNA suggests that the probability of female dispersal among colonies or colonization of new areas decreases steeply with intercolony distance, and that matrilineal structure among colonies has had time to reach migration-drift equilibrium, implicating strong local philopatry independent of colony membership. The recent finding that big brown bats roosting in buildings in Colorado regularly move between closely spaced roosts (Ellison et al. 2007a) , in much the same way as treeroosting bats (Lewis 1995) , is intriguing. Tree-roosting bats (including big brown bats) often form fission-fusion societies wherein the functional social unit is spread among a number of (Kerth and König 1999; Metheny et al. 2008; O'Donnell 2000; Willis and Brigham 2004) . If a similar situation occurs in building-roosting big brown bats and social units are spread among multiple roosts, then the lack of differentiation among nearby colonies and low frequency of mother-daughter dyads may simply be a result of membership in a social unit exhibiting philopatry over a wider area than a single roost. The high È ST values between a number of populations and a pattern of matrilineal isolation by distance raises the possibility that environmental, ecological, or behavioral barriers to movements by females exist among some populations. However, it is unclear what the putative barriers to gene flow or colonization might be. The colonies we sampled were at most 135 km apart in a highly modified agricultural landscape with no obvious topographical barriers to dispersal. Big brown bats often fly .10 km one way in nightly foraging bouts (Wilkinson and Barclay 1997) and up to 288 km between maternity and winter roosts (Mills et al. 1975) , suggesting that they can cross habitat barriers over larger distances than among the colonies we sampled (see also Kerth and Petit 2005) . In their study of colonization and dispersal in M. bechsteinii, Kerth and Petit (2005) observed a significant effect of the presence of ecological barriers (forest fragmentation) in isolating groups of maternity colonies using different forest patches. The exact mechanism was unclear, because both males and females regularly cross such barriers when moving to swarming sites, but they suggested that the barrier was likely behavioral (Kerth and Petit 2005) . One such behavioral mechanism could be female aggression to immigrants, which has been demonstrated in M. bechsteinii (Kerth et al. 2002b ). However, in species with higher levels of nuclear and mitochondrial diversity within and little differentiation among source maternity colonies, it is unclear what mechanism would be used by resident females to distinguish the colony of origin of immigrants.
As with other temperate bats, there was no differentiation among the maternity colonies of big brown bats at nuclear loci. We do not know for certain where mating takes place in big brown bats, but in other temperate bats mating occurs at or en route to swarming and hibernation sites away from maternity colonies (Furmankiewicz and Altringham 2007; Kerth and Morf 2004; Rossiter et al. 2000a ). These sites may be surrounded by a ''catchment area,'' defined as the area encompassing breeding groups that supply individuals to that site (Parsons and Jones 2003; Rivers et al. 2006) , and the spatial extent of gene flow among breeding populations via intercolony matings should depend on the size of, and degree of overlap among, catchment areas (Rivers et al. 2005) . Recorded movements of big brown bats between maternity colonies and hibernacula in roosts such as caves, mines, and tunnels are typically ,80 km, and may range up to 288 km (Beer 1955; Davis et al. 1968; Mills et al. 1975; Mumford 1958) . Up to 50% of hibernating populations have been documented moving among winter roosts each week (Mills et al. 1975; Mumford 1958) , creating the potential for overlap among catchment areas if these individuals successfully mate after moving. However, swarming and hibernating populations at these sites are usually male-biased, and unlikely to be the site of the majority of mating activity. By contrast, both male and female big brown bats regularly hibernate in buildings, and often in the same sites used during the summer (Whitaker and Gummer 1992 ). An influx of males into maternity colonies in June-August has been reported (Davis et al. 1968) , suggesting that mating may take place at or near maternity colonies. Indeed, we observed that 14 sampled males were either fathers or sons of females in the same maternity colony, and at least 2 of these males were present in the same colony as their daughters (see also Vonhof et al. 2006) . Defining linkage between maternity colonies and mating sites, and the degree of overlap among catchment areas, is necessary to understand the scale over which nuclear gene flow is likely to occur via extracolony matings.
We observed a complex pattern of matrilineal differentiation in big brown bats, with strong differentiation among some colonies and only weak differentiation among others, and an overall pattern of isolation by distance. In addition, we observed high levels of mitochondrial diversity within all colonies, extensive overlap in the distribution of matrilines among colonies, and a small number of mother-offspring relationships within colonies. Although the dynamics of colony formation are likely to play an important role in determining the distribution of genetic variation among colonies, colony fission followed by strict philopatry is unlikely to account for these findings. Rather, examination of our data suggests that female dispersal may take place between colonies, but over a relatively small spatial scale. The long-standing view of the life history and social organization of temperate bats, based on mark-recapture data and more recently genetic evidence, that females are philopatric and dispersal is male-biased requires more evidence. Higher levels of structure at mitochondrial versus nuclear markers in some species do not necessarily indicate female philopatry, but rather imply that female movements are more limited than the scale over which genes are exchanged via extracolony mating. The possible exchange of females among maternity colonies is important, both in terms of contributing to the observed patterns of genetic differentiation among maternity colonies, and in terms of understanding their social behavior and organization. By identifying the potential for dispersal by females and males in temperate bats, we can begin to investigate intra-and interspecific variation in dispersal behavior, the ecological factors that influence dispersal decisions, and the fitness consequences of different dispersal strategies. Future studies are needed to examine fine-scale patterns of genetic diversity within maternity colonies and to better describe patterns of movement by individuals among them.
RESUMEN
La opinión predominante sobre la organización social de los Murciélagos de zonas templadas es que las colonias de maternidad representan agregaciones de hembras filopátricas conectadas a otras colonias de maternidad mediante el flujo genético promovido por machos. Sin embargo, pocos estudios han examinado los patrones de diversidad matrilínea a pequeña escala dentro y entre colonias y no hay evidencia clara de filopatría estricta. Aquí examinamos los patrones de diversidad genética dentro y entre colonias de maternidad del murciélago-moreno norteamericano (Eptesicus fuscus) utilizando secuencias microsatelitales y mitocondriales. Como en otros Murcié-lagos de zonas templadas, observamos la ausencia de diferenciación entre colonias utilizando marcadores nucleares microsatelitales (F ST : À0.0001À0.012; 99.5% de la variación intra-poblacional). En general, hubo estructura matrilínea entre colonias, pero el patrón era complejo, con bajos valores de / ST entre algunas poblaciones y altos valores entre otras (variación: À0.007À0.491). Tres grupos de colonias se identificaron mediante un análisis anidado de variancia molecular (AMOVA), entre los cuales la variación era alta (21.2% de la variación), pero dentro de los cuales la variación era baja (1.4%) y se observó un significativo aislamiento matrilíneo por distancia (r ¼ 0.56, P ¼ 0.012). Las colonias de maternidad se caracterizaron por una alta diversidad haplotípica (promedio h ¼ 0.83) y por un alto número de matrilíneas (5-15) por colonia. Además, observamos un pequeño número de maternidades dentro de las colonias y únicamente 5-17% (promedio: 9%) de las hembras muestreadas se encontraron perchando con su madre o hija. Nuestros resultados son consistentes con filopatría estricta por parte de las hembras y sugieren que el flujo genético promovido por las hembras puede ocurrir entre algunas colonias de maternidad. El potencial para la dispersión de hembras en Murciélagos de zonas templadas estimula nuevas y emocionantes preguntas sobre las dinámicas sociales y de dispersión.
